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(57) Abstract 

A technique for chemical mechanical polishing is provided. The technique uses a plurality of polishing tables to selectively remove 
films overlying semiconductor substrates. For instance, the technique relies upon a step of partially plananzing on a first CMP table a layer 
of chemical mechanical polish resistant material (22) using a first CMP step by selective removal of a chemical mechanical pol.sh resistant 
material (22) overlying a non-uniform film (42). The technique also uses a second step of planarizing on a second CMP table to complete 
plananzing the non-uniform film (42). The combination of these steps often prevents microscratchmg of the film underlying the chemical 
mechanical polish resistant material and provides a substantially uniform polished film without dishing. 
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MULTI-STEP CHEMICAL MECHANICAL POLISHING PROCESS 

AND DEVICE 

CROSS-REFERENCES TO RELATED APPLICATIONS 
This application claims priority to U.S. Serial No. 60/077,569 filed March 
1 1 , 1998 (Attorney Docket No. 17074-000800) and U.S. Serial No. . filed 

March 10, 1999 (Attorney Docket No. 17074-000810), which are hereby incorporated by 
reference for all purposes. 



10 BACKGROUND OF THE INVENTION 

This invention relates to a method of fabricating integrated circuits. More 
particularly, the present invention provides a planarization technique by way of chemical 
mechanical polishing or planarization. 

In the fabrication of conventional VLSI and ULSI integrated circuits, 

15 various planarization techniques have been proposed. A fully recessed isolation 
technique, typically know as "shallow trench isolation" or "STI", is being used in 
submicron manufacturing processes. This isolation technique reduces the variation in 
surface topography and tends to help eliminate process and device integration problems 
associated with techniques such as "local oxidation of silicon" (LOCOS) which often 

20 produce less-planar surfaces. Another technique uses fully planar dielectrics to isolate 
multiple levels of metal interconnect materials, known as an "interlevel dielectric" or 
"ILD" In general, planar topography is often required to reduce depth of focus budget as 
well as improve reliability and interconnect linewidth control. 

Further techniques used to planarize films on wafers in an integrated 

25 circuit fabrication process include: 

1 . Block resist and resist etch back; 

2. Block resist, reactive ion etch and chemical mechanical polishing; 

3. Spin-on glass and reactive ion etch; 

4. Various combinations of 1 -3; and 

30 5. "Dummy features" made during the lithographic process and 

chemical mechanical polishing. 

Still a further technique which offers a relatively simple and effective 
method of planarization is chemical mechanical polishing, commonly termed CMP. CMP 
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can provide effective planarization without additional masking or coating steps. A 1 
difficulty encountered using CMP, however,, is pattern sensitivity. Pattern sensitivity 
causes difficulty in effectively planarizing large dense features without "dishing" in low 
regions. Dishing often occurs in both STI planarization as well as ILD planarization. 
5 Dishing is particularly severe in DRAM IC manufacturihg processes where very dense 
regions in the memory cell array region are planarized simultaneously with significantly 
less dense regions in the peripheral circuitry. 

Another limitation associated with CMP is "microscratching" of the 
dielectric regions, which is introduced during the CMP process. Microscratching is 

1 0 increasingly a concern in the fabrication of submicron-sized (i.e., 0.25 ^im and less) 

i 

devices which use CMP planarization. Accordingly, CMP is severely limited for today's 
state-or-art devices. 1 

A further limitation associated with some of the above processes is a 
resultant step height differential of the field oxide and device well (active area) beneath 
15 the gate electrode regions. If the resultant field oxide surface under the gate electrode is 
below the planar substrate surface, the gate dielectric thickness is reduced in the corner 
region produced by the intersection of the trench sidewall and the planar substrate 
surface, by a phenomenon known as stress-induced oxidation retardation. This can cause 
lowering of the transistor threshold voltages, degradation of the sub-threshold 
20 characteristics, and early breakdown or wear out of the gate dielectric. Moreover, 
additional problems occur using multi-slurry processing in CMP which can cross- 
contaminate slurry mixtures, thereby causing damage to integrated circuit devices. 

From the above, it is seen that a technique for planarizing films in 
integrated circuits that is easy and effective is highly desirable. 

25 

SUMMARY OF THE INVENTION 
The present invention provides a method of planarizing films in integrated 
circuits using chemical mechanical polishing. In an exemplary embodiment, the present 
invention uses multi-table polishing tools to perform multi-step polishing processes to 
30 improve uniformity and quality of a film. See, for example, U.S. Serial No. 



(Attorney Docket No. 17074-000220), commonly assigned and which is hereby 
incorporated by reference for all purposes. 

According to one aspect of this invention, a method is provided for 
fabricating an integrated circuit. The method includes steps of providing a semiconductor 
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substrate having a planar surface and comprising a surface layer of a protective material 
which prevents damage to the underlying substrate during the CMP process step, the 
substrate having defined therein a steep-sided trench, filling the trench with at least one 
conformal layer of a trench filling material and a conformal layer of chemical mechanical 
5 polish resistant material, the layer of chemical mechanical polish resistant material within 
the trench providing, in a center region of the trench a polish stop (e.g., silicon nitride, 
boron nitride, boron saturated polysilicon (10 20 " 22 ions of boron/cm 3 , silicon carbide, 
nitrided oxides, titanium nitride, tungsten, metals, refractory metals, or any other material 
that is relatively harder than the underlying film) having a surface higher than the surface 

10 teyer of chemical mechanical polish resistant material of the semiconductor substrate; and 
planarizing the resulting structure by a two-step cheinical mechanical polishing. The first 
step is carried out on a first dedicated polish platen that selectively removes the polish 
resistant material above the conformal layer of trench filling material in the regions not 
subtended by the trench by a high-speed low-down force polish process. The second step 

15 is carried out on a second dedicated polish platen, which selectively removes the trench 
filling material above the protective material in the regions not subtended by the trench by 
a conventional lower-speed, high down force polish process, thereby selectively removing 
layers extending above the planar surface of the substrate and the protective material. 

Thus, dishing is avoided in the wider trenches during chemical mechanical 

20 polishing by the two-step selective process, the conformal polish resistant material 

providing a polish stop in the central region of the trench due to a combination of at least 
the first-speed polish process, and the very high selectivity during the second polish step 
of the conformal trench fill material to the polish resistant material. In a specific 
embodiment, a different slurry mixture is used in each of the polishing processes. By 

25 way of using a multi-table process, where each table has a different slurry type, the two 
slurry types are prevented from cross-contaminating each other in a multi-step process. 
Accordingly, enhanced control of the process can be achieved. A further rinsing step 
could be incorporated as an intermediate process step between the first and second table 
processes to further avoid cross-contamination of slurries. The rinsing step removes any 

30 residual slurry material (e.g., abrasive, solvent, liquid) that may be attached to surfaces of 
the substrate from the first polishing process. 

Preferably, the thickness of the chemical mechanical polish resistant 
material is significantly thinner than the protective material in order to allow it's 
selective removal during the first polish step thus allowing exposure of the conformal fill 
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material above the protective layer without exposing the conformal fill material in the 
trench regions. Additionally, the thickness of the polish resistant layer, the depth of the 

trench and the thickness of the conformal trench fill material are selected so that after 

i 1 

removal of the polish resistant layer and the trench fill layer above the regions not 
5 subtended by the trenches, and subsequent processing to remove the polish resistant 
material and form the gate electrodes, the resultant field oxide surface is slightly higher 
than the surface of the planar substrate. 

Thus, dishing is avoided in the wider trenches during chemical mechanical 
polishing by the two-step selective process, the conformal polish resistant material 
10 providing a polish stop in the central region of the trench due to the very high selectivity 
during the second polish step of the conformal trench fill material to the polish resistant 
material. 

An alternative embodiment provides a very hard polish pad on the first 
table during the first step of the two-step process, thereby eliminating a need for a high 

IS speed, low pressure polish step, and a soft pad can be used on the second table during the 
second step of the two-step process. Further variations, alternatives, and modifications 
can be also employed without departing from the spirit and scope of the invention. 

According to another aspect of the present invention, a method of 
fabricating an integrated circuit using a multi-step CMP process is provided. The method 

20 includes, among others, a step of providing a semiconductor substrate having formed 
thereon a conductive layer and an overlying dielectric layer having a non-planar surface. 
A step of forming a conformal layer of chemical mechanical polish resistant material 
overlying the dielectric layer is included. The resultant structure is planarized by at least 
a two-step chemical mechanical polishing. The first step selectively removes the polish 

25 resistant material above the dielectric layer overlying the conductive layer, and the second 
step selectively removes the dielectric layer above the conductive layer until the dielectric 
layer and the polish resistant layer in regions not overlying the conductive layer are 
coplanar, thereby selectively removing layers extending above the conductive layer. 

Thus, dishing is avoided in the regions not subtended by the conductive 

30 layer during chemical mechanical polishing by the two-step selective process, the 

conformal polish resistant material providing a polish stop (e.g., silicon nitride, boron 
nitride, boron saturated polysilicon (10 20 * 22 ions of boron/cm 3 , silicon carbide, nitrided 
oxides, titanium nitride, tungsten, metals, refractory metals, or any other material that is 
relatively harder than the underlying film) in the central region of the trench due to the 

4 
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very high selectivity during the second polish step of the conformal trench fill material 1 to 
the polish resistant material. , ( 1 

According to yet anothpr aspect of the present invention, there is provided 
a method of fabricating an integrated circuit comprising: providing a semiconductor 
5 substrate having formed thereon a conductive layer; patterning the conductive layer and 
forming an overlying dielectric layer; planarizling the overlying dielectric layer; forming 
trenches in the dielectric layer; providing openings in the trenches exposing the 
underlying conductive layer; forming a second conductive layer which may be comprised 
of one or more layers of conductive material; providing a conformal layer of chemical 

1 0 mechanical polish resistant material overlying the second conductive layer, and 

planarizing the resulting structure by a two-step chemical mechanical polishing in which 
the first step selectively removes the polish resistant material above the second 
conductive layer overlying the second dielectric and first conductive layers, and the 
second step selectively removes the conductive layer above the second conductive layer 

1 5 until the dielectric layer and the polish resistant layer in regions not overlying the 

conductive layer are coplanar, thereby selectively removing layers extending above the 
second dielectric layer. 1 

Thus, dishing is avoided in the regions no subtended by the second 
dielectric layer during chemical mechanical polishing by the two-step selective process, 

20 the conformal polish resistant material providing a polish stop in the central region of the 
trench due to the very high selectivity during the second polish step of the second 
conductive layer to the polish resistant material. 

In an alternative embodiment, the present invention provides a method for 
planarizing a film of material on a substrate structure. The method includes providing a 

25 substrate comprising a top surface and a film to be polished overlying the top surface. 

The method also includes removing a first portion of the film using a first polishing table; 
and removing a second portion of the film using a second polishing table to selectively 
remove the second portion of the film relative to the top surface. Preferably, the first 
polishing table and the second polishing table are provided on a common platform to 

30 improve efficiency in processing. 

Numerous advantages are achieved using the present invention over 
conventional techniques. In particular, the present invention can avoid limitations 
encountered by Boyd et al., U.S. Patent No. 5,362,669, in which the thickness of the 
conformal polish resistant material is equivalent to the thickness of the protective material 
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and the surface of the conformal polish resistant material is co-planar with the surface of 
the protective material This generally severely limits the usefulness of the invention in 
< Boyd et al. to a shallow trench isolation process and may make it completely unusable. It 
* is critical that the thickness of the protective material is sufficient not oiily to protect the 

5 substrate regions from the CMP process but also to provide a suitable step height 
* differential between the field upon completion of the post-planarization process steps 
typically required in a fully-integrated IC process sequence. Additionally, it is critical 
that the conformal polish resistant material is thin enough to allow selective removal in 
i the regions not subtended by the trench region. Finally, his invention does not allow it's 

1 0 use for planarization of HJD layers. These and other benefits are described throughout the 
t present specification and more particularly below. 

The present invention achieves these benefits in the Context of known 
process technology. However, a further understanding of the nature and advantages of 
( _ the present invention may be realized by reference to the latter portions of the 

15 specification and attached drawings. 

i 

BRIEF DESCRIPTION OF THE DRAWINGS 
Embodiments of the invention will now be described by way of example, 
with reference to the accompanying drawings, in which: 
20 Figs. 1 to 6 show schematic cross-sectional views of part of a partially 

fabricated integrated circuit structure at successive stages in forming a trench isolation 
region according to a first embodiment of the present invention; 

Figs. 7 to 10 show schematic cross-sectional views a partially fabricated 
integrated circuit structure at successive stages in forming an interconnect with planarized 
25 ILD according to a second embodiment of the present invention; and 

Figs. 11 to 14 show a simplified pictorial of experiments according to the 
present invention. 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS 
30 In a method of forming an integrated circuit according to a first 

embodiment of the present invention, as shown in Figs. 1 to 6, a substrate for an 
integrated circuit is provided in the form of a P type, <100> semiconductor silicon wafer 
10, as shown in Fig. 1 . The substrate wafer is provided with a first layer 12 of a stress 
relief material, e.g. silicon dioxide, and an overlying layer of a chemical mechanical 

6 
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polish resistant material 14 e.g. silicon nitride, boron nitride or other effective CMP < 
resistant material to provide a selective polish stop. * 

Trench isolation regions 16 and 18 are defined on the substrate e.g. by a 
conventional photoengraving step involving coating with photoresist, and patterning. 
5 Trenches 16 and 18 are formed in the substrate 10 by a conventional known method of 
anisotropic etching. i ' 

' Subsequently a conformal layer 42 of a dielectric material is deposited 

overall to fill the trenches 16 and 18 (Fig. 2). The dielectric comprises for example a 
conformal layer of CVD silicon dioxide. The thickness of the layer is sufficient to fill the 
10 wider trench 18 to a level above the substrate surface layer 20 and completely fills the 
narrower trenches 16. The second dielectric layer 42 extends over the polish stop layer 
14 adjacent to the trenches (Fig. 2). 

111 A second layer 22 of a chemical mechanical polish resistant material is 
deposited conformally overall. The thickness of the second CMP resistant layer 22 is 
15 less than that of the first CMP resistant layer 14. 

The resulting structure is then partially planarized during the first step by 
first selectively removing the second CMP resistant layer 22 in the regions overlying the 
substrate surface layers 20 and narrower trenches 16 by chemical mechanical polishing 
with a known low-selectivity chemical mechanical polishing slurry, e.g. SS25 or SC-112 
20 made by Cabot Corporation (Fig. 3). Selective removal can be achieved for example by 
using a high platen RPM and low spindle down force during the partial planarization step. 
Values of platen RPM would range from about 40 RPM to about 150 RPM, and down 
force values would range from about 2 PSI to about 7 PSI, but are not limited to these 
values. 

25 The exposed dielectric 32 remaining in the regions overlying the substrate 

surface layers 20 and narrower trenches 16 after completion of the first polish step is 
planarized during the second polish step by removal with a known high selectivity slurry 
such as thai made by Rode] or Solutions f echnology, thus exposing the first polish 
resistant layer 14 (Fig. 4). A rinse or cleaning step can be incorporated to remove the 

30 bulk of the slurry remaining on the structure from the previous polish step, thus 

preventing cross-contamination of the different slurries.. Uniform removal is achieved 
using low platen speed and high down force. Values of platen RPM would range from 
about 10 RPM to about 50 RPM, and down force values would range from about 4 PSI to 

7 



BNSDOCID: <WO 9946061 A 1_l_> 



WO99/46081 1 PCT/US99/05192 

about 1 1 PSI, but are not limited. Selectivity of oxide: nitride achieved with this typte of 
slurry typically ranges from 1 5 : 1 to more th^n 200: 1 . 

Material removal by a highly selective chemical mechanical polishing 
process provides a dielectric layer surface 42 adjacent to the substrate surface layer 20 
5 having a surface which is coplanar to the surface of the first CMP resistant layer 44 and , 
the step height differential between the dielectric layer surface 42 adjacent to the substrate 
surface layer 20 being determined primarily by the combined thickness* of the first CMP 
resistant layer 14 and the stress relief layer 12 (Fig. 4). 

Additionally, the highly selective second CMP process step eliminates 
1 0 erosion of the second CMP resistant layer 46 remaining in the wider trench regions which 
results in elimination of dishing and CMP-related micro defects in these regions. This 
selective second process step also protects the wider trench regions from chemical etching 
during post-CMP cleaning steps which may incorporate dilute hydrofluoric acid (Fig. 4). 
The remaining material comprising the first polish stop layer 14 and 
1 5 second polish stop layer 46 are then selectively removed down to the stress' relief layer 52 
or the level of the semiconductor substrate 20 as required (Fig. 5). (Fig. 4). 

Further processing would typically comprise removal of the stress relief 
layer 20 (Fig. 4) and regrowth of a high-quality gate dielectric 60 on the semiconductor 
substrate 20 (Fig. 5) followed by deposition and lithographic patterning of the gate 
20 electrode 62 (Fig. 6). 

Typically, trench dielectric isolation layers comprise 0.3 to 0.7 ^m of a 
layer of dielectric such as silicon dioxide which may be formed by chemical vapor 
deposition, or by a composite process including step of thermal oxidation preceding or 
following a deposition process. A layer of silicon nitride, about in the range of 200 to 
25 800 A thick provides a suitable chemical mechanical polish resistant layer, although other 
polish stop layers can be utilized. 

In a typical process utilizing, for example, a Strasbaugh CMP tool for this 
invention, the process flow would be as follows: 
1 . transfer wafers to table 1 ; 
30 2. polish wafers on table 1 using low selectivity slurry and high speed, low- 

down force process conditions: 15 to 60 sec, approx.; 

3. transfer wafers to a rinse station or to a third polish platen for DI rinsing or 
buffpolish; 

4. transfer wafers to table 2; 
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5. polish wafers on table 2 using high selectivity slurry using low-speedy high 
down force process conditions: 30 to 180 sec, approx.; • 

Option A: ( 

6. transfer wafers to tabje 3 (optional); 

5 7. polish wafers using DI, soft pad (optionfd): 30 sec, approx.; 

Option B: 

6. transfer wafers to a rinse station or to a third polish platen for DI rinsing or 
buff polish 

7. transfer wafers back to table 1; 

10 8. polish wafers using low selectivity slurry: 15 to 60 sec, approx. 

Other variations in the polish sequence can be applied to this process to produce a final 

planar surface appropriate to the IC process being used. 

11 The present invention can be carried out in a variety of commercially 

available polishing tools. The specific application is novel and should be tailored to meet 
1 5 the various conditions of the tool. In a process utilizing, for example, an Applied 

Materials Mirra CMP tool for this invention, the process flow would be as follows: 

1 . polish wafers on table 1 using low selectivity slurry, at high table speed 
and low down force: 15 to 60 sec, approx.; 

2. polish wafers on table 2 using high selectivity slurry, low speed and high 
20 down force: 30 to 90 sec, approx.; 

3. polish wafers on table 3 using high selectivity slurry, low speed and high 
down force: 30 to 90 sec, approx. 

Alternatively, the third table on the Mirra system could be used for a final 
DI water polish process on a soft pad. Optimization of the process on this tool for high 
25 throughput may dictate other variations in the process. 

In a typical process utilizing, for example, the Speedfam Auriga CMP tool 
for this invention, the process flow would be as follows: 

I . polish wafers on table ] using low selectivity slurry, low speed and high 
down force: 15 to 60 sec, approx.; 
30 2. polish wafers on table 2 using high selectivity slurry, low speed and high 

down force: 30 to 1 80 sec, approx. 
Other variations in this process for all tools mentioned above might include, for example, 
polishing wafers on a single table using the low selectivity slurry, and switching to a high 
selectivity slurry on the same table while continuing to polish the wafers. Yet another 
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variation on this process would be using a hard pad on the first table, and soft pad oh the 
second table. Variations due to different topi configurations may be required without 
departing from the, scope of the invention. As merely an example, U.S. Serial 
No.08/892,795 in the name of Walsh et al., which is commonly assigned, and hereby 

5 incorporated by reference describes yet another tool where the present invention can be 

i 

implemented. 

Although the description above were in terms of selected CMP tools, it 
would easily be recognized that other tools may also be used. Additionally, the tools 

described are merely illustrations and should not limit the scope of the claims herein. It 

i 

1 0 would even be conceivable that multiple tools could be utilized or dedicated to specific 
process steps if multiple polish tables were not available on a single tool. One of ordinary 
skill in the art would recognize other variations, alternatives, and modifications. 

In a method of forming an integrated circuit according to another 
embodiment, as shown in Figs. 7 to 10, a substrate for an integrated circuit is provided in 

15 the form of a first interlayer dielectric 70 (ILD), as shown in Fig. 7. 

Conductive regions 71 are defined on the ILD layer e.g. by a conventional 
photoengraving step involving deposition of the conductive layer, coating with 
photoresist, and patterning. Wide separations 72 and narrow separations 73 are created 
upon removal of the conductive material 71 during the above-mentioned patterning step. 

20 Subsequently a conformal layer 74 of a dielectric material or combination 

of materials is deposited overall. The thickness of the dielectric material or combination 
of materials is such that the surface 76 of the dielectric material 74 in the wide separation 
region 72 is higher than the surface 75 of the conductive material 71. The dielectric 
comprises for example a conformal layer of CVD silicon dioxide. 

25 A layer 77 of a chemical mechanical polish resistant material is deposited 

conformally overall. 

The resulting structure is then partially planarized during the first step by 
first selectively removing the CMP resistant layer 77 in the regions overlying the 
conductive layers 71 by chemical mechanical polishing with a known low-selectivity 

30 chemical mechanical polishing slurry, e.g. SS25 or SC-1 12 made by Cabot Corporation. 
Selectivity of oxide: nitride achieved with this type of slurry typically ranges from 15:1 to 
more than 200:1. (Fig. 8). 

The exposed dielectric 80 remaining in the regions overlying the 
conductive layers 71 after completion of the first polish step (Fig. 8) is planarized during 

10 
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the second polish step by removal with a known high selectivity slurry such as that made 
by Rodel or Solutions Technology until the surface 90 of the polish resistant layer 77 is 
coplanar with the resultant surface 92 of the planarized dielectric (Fig. 9). Selectively of 
oxide:nitride achieved with this type of slurry typically ranges from about 15:1 to more 
5 than 200:1. ,, 

The highly selective second CMP process step eliminates erosion of the 
CMP resistant layer 90 remaining in the wider spaced regions 72 regions which results in 
elimination of dishing and CMP-related micro defects in these regions. 

Alternatively, a hard polish pad can be used on the first table during the 
1 0 second polish step, eliminating the need for a high-speed, low down force process in this 
first step. 

The remaining material comprising the polish resistant layer 90 is then 
selectively removed (Fig. 10). 

15 Experiments 

To prove the principles and operation of the present inventions, 
experiments have been performed. These experiments are merely examples of how the 
present invention has been used. One of ordinary skill in the art would recognize 
numerous variations, alternatives, and modifications. Accordingly, the present 
20 experiments should not be construed as limiting the scope of the present invention in any 
manner. 

Figs. 1 1-14 show a simplified pictorial of the experimental procedure 
according to an embodiment of the present invention. Fig. 11(1 1 A-l IB) show a 
simplified sequence of steps performed in the experimental procedure. Starting substrates 

25 were 150 mm, (100) orientation 13-17 ohm-cm p-type silicon wafers. The isolation mask 
was prepared by depositing a 120 nm LPCVD nitride film on 15nm thermal pad oxide. 
After definition of the isolation windows using a standard photolithographic step, the 
isolation mask was etched by a magnetically-enhanced reactive ion etch (MER1E) system 
until the silicon substrate was exposed. Subsequently, 0.68 \im deep trenches in the 

30 substrate silicon were formed using HBr/Cl 2 plasma etch in a MERIE etch system. After 
cleaning, the trenches were refilled using a 720 nm PECVD undoped TEOS oxide 
oxyannealed at 850°C and a blanket, 40 nm thick, LPCVD nitride overcoat deposition 
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(Fig. 1 1 A). The wafers were planarized by removing the excess oxide using CMP 
process conditions listed in Table 1 (Fig. 1 \B). 
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50 
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IC1000 on SUBA IV 


Slurry 
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Slurry Flow (seem) 


175 


Pad Temperature (Deg.C) 


40 | 


Polish Time (minutes) 

. 4 ! 


2,4,5, 6,8 
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TABLE 1: CMP conditions 

This was followed by a standard chemical clean, and by a wet nitride strip (Figs. 1 1C and 
1 ID). Samples were prepared from at least 8 different areas on a wafer representing a 
variety of structures and areas that combine the worst-case polishing scenarios (i.e. very 

15 large and small high features and very large, low features). The final structure after gate 
electrode formation is shown in Fig. 1 IE, which was acceptable. 

Fig. 12 is the mask layout used to determine both dishing and planarization 
characteristics as a function of the polish process conditions. It is typical of an ASIC-type 
design and contains both dense as well as very sparse, active areas. This is considered 

20 one of the "worst case" layouts for planarization using the CMP technique. Substantially 
no dishing was observed in any low region with polish times of less than 6 minutes, and 
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minimal dishing (e.g., less than 20 nm) was observed in very large, low features after ( an 8 
minute polish. Planarization of high features is weakly dependent upon the feature size 

but, in all cases, active device regions were planarized after a 6 minute polish. Polish 

1 i 

rates in the active device regions rapidly approached zero after the nitride polish stop was 
5 exposed (Fig. 13) and planarization was achieved. This, is likely related to (a) the relative 
hardness of the nitride polish stop layer compared to oxide, (b) lack of topography, which 
reduces slurry transport to the salient regions, and, (c) enhanced pad deconditioning due 
to the high speed, low pressure process. This last effect is demonstrated in Fig. 14, in 
which the low speed, high pressure process continues to remove material beyond 8 
10 minute polish time, while the high speed, low pressure process removes material at 

approximately 1/4 of the rate until about 6 minutes, lat which time the removal rate drops 
to zero. For ease of interpretation, the incremental effect of this planarizing technique 
was evaluated by SEM micrographs of trenches with different geometries were taken for 
different polish times. Cross-sections for both a dense SRAM region, as well as a large 
1 5 isolated active region, showed excellent planarization to the polish stop, and exhibit 

self-limiting polish characteristics. These features were planarized using the high speed, 
low pressure polish process and show that the nitride overcoat is rapidly removed from 
high features, but remains intact in the very wide low regions for polish times of up to 5 
minutes. 

20 Small features are planarized more quickly than large features, as 

expected, but the polish rate is reduced to near zero upon reaching the nitride polish stop 
and achieving planarization. Larger features which have not yet been planarized continue 
to be removed until the polish stop is reached and planarity is achieved. The polish rate 
in these features is also reduced to near zero at this point. This phenomenon allows larger 

25 features to "catch up" with the faster-polishing smaller features and is akin to a highly 
selective etch process that can tolerate a range of thicknesses across a wafer. More 
importantly, this allows the planarization process to be "self stopping". In low features 
greater than 60 \xm in width, the nitride overcoat is consumed from the center to the edge 
during polishing. For very wide regions, the clearing edge exclusion area (where the 

30 nitride remains after the central region has been cleared) is very small relative to the size 
of the feature (less than -30 fim) and the overcoat is consumed uniformly across the 
feature except for the exclusion area. 

The self-stopping process is related to a number of issues. The first issue 
is the relative hardness of the polish stop layer with respect to the layer being planarized. 
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The process will, automatically slow down as the faster-polishing oxide layer is 1 
eventually consumed, and the nitride layer becomes the bulk of the surface being 

i polished. The second issue involves, the reduction of slurry transport which occurs with 
the lack of topography when planarization is achieved. The third issue is related to 
5 enhanced pad deconditioning caused by the high speed process. 

' The high speed, low pressure process allows planarization of very large 

regions of dense topography (e.g., of at least up to 2 x 3 mm 2 ) and very large isolated 
features such as a substrate capacitor (e.g., of at least up to 1.1 x 1.1 mm 2 ) without 
causing dishing of very wide low regions or significantly thinning the nitride polish stop 

1 0 layer. This has the advantage of determining what the height of the trench isolation 

region will be above the device well immediately after planarization. This step height can 
be tailored by changing the nitride polish stop thickness and trench fill deposition 
thickness appropriately. In order to optimize the STI process, the appropriate nitride 
polish stop and pad oxide thickness must be optimized to produce enough step height 

15 differential between the device well and field regions to planarize disparate feature sizes 
simultaneously, as well as be thin enough after CMP planarization such that post-clean 
step height can be minimized. The trench fill and planarization processes are decoupled, 
giving the advantage of greatly improved process control, because the final field 
thickness essentially depends only upon the trench depth and trench fill deposition 

20 thickness. Other factors, not related to planarization, which will affect the final field 
thickness are the nitride polish stop thickness in the active area, the post-CMP cleaning 
strategy, and the pre-gate oxide etchback process. Since the shallow trench isolation 
process does not produce the "white ribbon effect" associated with LOCOS processes, 
less aggressive or no pre-gate processing can be implemented thus simplifying the gate 

25 formation process. These factors lead to a very robust STI technique. 

Dishing and planarization characteristics as a function of polish time for 
the high speed, low pressure polish process on various feature geometries were discussed. 
No dishing was observed in any low region with polish times < 6 minutes. It has been 
successfully demonstrated a simple shallow trench global planarization technique in 

30 which planarization of high features is only weakly dependent upon feature size and 
device well regions were planarized after a 6 minute polish. It was shown that polish 
rates in active regions rapidly approached zero after the nitride polish stop was exposed 
and, as a result, topography was effectively planarized without dishing, independently of 
feature size. The planarization process was concluded without significant thinning of the 
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nitride polish stop layer. This allows for the optimization of the STI process by choosing 
the appropriate nitride polish stop and pad oxide thickness to produce the required step 
height differential between the, de via? well and field regions for correct active transistor 
operation. It also allows the planarization process to be decoupled from the trench etch 

5 and fill process leading to a very robust STI process. The above experiment is merely an 
illustration and should not limit the scope of the claims herein in any manner. One of 
ordinary skill in the art would recognizes other variations, alternatives, and modifications. 

Although particular embodiments of the invention have been described in 
detail, it should be appreciated that numerous modifications, variations and adaptations 

10 may be made without departing from the scope of the invention as defined in the 

embodiments. In particular, while the above description is in terms of planarizing an 
isolation structure, it can also be applied to a metal damascene structure made of 
materials such as copper, aluminum, gold, and the like. Additionally, the planarizing 
technique can also be applied to fabrication of other films such as metals, aluminum, 

15 gold, copper, and the like in integrated circuits. Furthermore, the present invention can be 
expanded to cover the techniques described in the Appendix. 



BNSOOCia <WO 9946081 A1_L> 



15 



WO 99/46081 PCT7US99/0S192 

WHAT IS CLAIMED IS: 
1 1 . A method of fabricating an integrated circuit, comprising: 

j 2 providing a semiconductor substrate having a surface and having formed 

3 thereon a surface layer of a stress relief material and an overlying layer of a first chemical 

4 mechanical polish resistant material, the substrate having 1 defined therein a trench; 

* 5 filling the trench with at least one layer of dielectric material overlying the 

6 layer of the first chemical mechanical polish resistant material, the thickness of the 

7 dielectric material being sufficient to fill the widest trench region to a level above the 

8 substrate surface layer; 

9 forming a second layer of a chemical mechanical polish resistant material 

10 overlying the layer of dielectric material, the thickness of the second layer of chemical 

1 1 mechanical polish resistant material being less than the thickness of the first layer of 

1 2 chemical mechanical polish resistant material; 

1 3 partially planarizing the second layer of chemical mechanical polish 

14 resistant material using a first CMP step by selective removal of the chemical mechanical 

1 5 polish resistant material overlying the semiconductor substrate not subtended by the 

1 6 trench regions and exposing the underlying dielectric layer in those regions using a low 

1 7 selectivity slurry whereby the second layer of chemical mechanical polish resistant 

1 8 material overlying the semiconductor substrate in the trench regions remains essentially 

1 9 intact to provide a polish stop layer in those regions; and 

20 planarizing the exposed dielectric layer using a second CMP step by 

21 selective removal of the dielectric material overlying the semiconductor substrate not 

22 subtended by the trench regions and exposing the first chemical mechanical polish 

23 resistant material using a high selectivity shiny whereby the second layer of chemical 

24 mechanical polish resistant material overlying the semiconductor substrate in the trench 

25 regions prevents dishing of the trench filling material and prevents micro scratching of 

26 the trench filling material underlying the second layer of chemical mechanical polish 

27 resistant material. 

1 2. A method of fabricating an integrated circuit, comprising: 

2 providing a semiconductor substrate having a surface and having formed 

3 thereon conductive regions with both wide and narrow separations; 

4 forming a layer of dielectric material overlying the conductive regions, the 

5 thickness of the dielectric material being sufficient such that the surface of the dielectric 
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6 material in the wide separation region is higher than the surface of the conductive , » 

7 material; ^ , ' 

r i 

8 forming a conformal l^yer of a chemical mechanical polish resistant 

t 

9 material overlying the layer of dielectric material; 

1 0 partially planarizing the second layer of chemical mechanical polish 

1 1 resistant material using a first CMP step by selective removal of the chemical mechanical 

12 polish resistant material overlying the conductive regions and exposing the underlying 

1 3 dielectric layer in those regions using a low selectivity slurry whereby the layer of 

1 4 chemical mechanical polish resistant material overlying the separation regions between 

1 5 the conductive regions remains essentially intact to provide a polish stop layer in those 

16 regions; 

17 planarizing the exposed dielectric layer using a secQbd CMP step by 

1 8 selective removal of the dielectric material overlying the conductive regions using a high 

1 9 selectivity slurry whereby the second layer of chemical mechanical polish resistant 

20 material overlying the semiconductor substrate in the separation regions prevents dishing 

2 1 of the dielectric material and prevents micro scratching of the dielectric material 

22 underlying the second layer of chemical mechanical polish resistant material. 



1 3 . A method for planarizing a film of material in the manufacture of a 

2 device, said method comprising: 

3 providing a semiconductor substrate having a surface and having formed 

4 thereon conductive regions with both wide and narrow separations; 

5 i 1 forming a layer of dielectric material overlying the conductive regions, the 

6 thickness of the dielectric material being sufficient such that the surface of the dielectric 

7 material in the wide separation region is higher than the surface of the conductive 

8 material; 

9 forming a conformal layer of a chemical mechanical polish resistant 

1 0 material overlying the layer of dielectric material; 

1 1 partially planarizing on a first CMP table the second layer of chemical 

12 mechanical polish resistant material using a first CMP step by selective removal of the 

13 chemical mechanical polish resistant material overlying the conductive regions and 

14 exposing the underlying dielectric layer in those regions using a low selectivity slurry 

1 5 whereby the layer of chemical mechanical polish resistant material overlying the 
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1 6 separation regions between the conductive regions remains essentially intact to provide a 

1 7 polish stop layer in those regions; 

i 1 8 planarizing on a second CMP ( table the exposed dielectric layer using a 

19 second CMP step by selective removal of the dielectric material overlying the conductive 

20 regions using a high selectivity slurry whereby the secdnd layer of chemical mechanical 
f> 21 polish resistant material overlying the semiconductor substrate in the separation regions 

22 prevents dishing of the dielectric material and prevents micro scratching of the dielectric 

23 material underlying the second layer of chemical mechanical polish resistant material. 



1 4. The method of claim 3 wherein said first CMP table is different 

2 from said second CMP table. 

1 5. The method of claim 4 wherein said first CMP table and said 

i 

2 second CMP table are provided on a CMP apparatus. 

1 6. The method of claim 4 wherein said first polish step comprises a 

2 high-speed, low-down force polish process on a stacked polish pad consisting of a hard 

3 upper pad overlying a soft lower pad. 

1 7. The method of claim 4 wherein said first polish step comprises a 

2 low speed, high down force polish process on a hard pad and said second polish step 

3 comprises a low speed, high down force polish process on a soft pad. 

1 8. A method of fabricating an integrated circuit, comprising: 

2 providing a semiconductor substrate having a surface and having formed 

3 thereon conductive regions with both wide and narrow separations; 

4 forming a layer of dielectric material overlying the conductive regions, the 

5 thickness of the dielectric material being sufficient such that the surface of the dielectric 

6 material in the wide separation region is higher than the surface of the conductive 

7 material, 

8 planarizing the layer of dielectric material overlying the conductive 

9 regions; 

1 0 forming trenches in the layer of dielectric material; 

1 1 forming openings in the trenches which expose the underlying conductive 

12 layer forming a second conformal conductive layer, filling the openings and trenches 

13 previously formed; 
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14 forming a conformal layer of a chemical mechanical polish resistant , i 

1 5 material overlying the second conductive layer of material; ' 

16 partially planarizing the second layer of chemical mechanical polish 

1 7 resistant material using a first CMP step on a first polish platen by selective removal of 

1 8 the chemical mechanical polish resistant material overlying the dielectric regions and 

19 exposing the underlying second conductive layer in those regions using a low selectivity 

20 slurry whereby the layer of chemical mechanical polish resistant material overlying the 

21 trench regions remains essentially intact to provide a polish stop layer in those regions; 

22 planarizing the exposed second conductive layer using a second CMP step 

23 on a second polish platen by selective removal of the dielectric material overlying the 

24 conductive regions using a high selectivity slurry whereby the layer of chemical 

25 mechanical polish resistant material overlying the semiconductor substrate in the 

26 separation regions prevents dishing the conductive material underlying the layer of 

27 chemical mechanical polish resistant material. 

1 9. The method of claim 8 wherein said planarizing of the exposed 

2 second conductive layer also prevents microscratching of the conductive material 

3 underlying the layer of chemical mechanical polish resistant material. 

1 1 0. A method for planarizing a film of material on a substrate structure, 

2 said method comprising: 

3 providing a substrate comprising a top surface and a film to be polished 

4 overlying said top surface; 

5 removing a first portion of said film using a first polishing table; and 

6 removing a second portion of said film using a second polishing table to 

7 selectively remove said second portion of said film relative to said top surface; 

8 wherein said first polishing table and said second polishing table are 

9 provided on a common platform. 

1 1 1 . The method of claim 1 0 wherein said first portion of said film is 

2 removed using a selective polishing material and said second portion of said polishing 

3 film is removed by a non-selective polishing material. 

1 12. The method of claim 10 wherein said top surface comprises a flat 

2 planar region and a recessed region, which underlies said flat planar region. 
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1 13. The method of claim 10 wherein said first portion of said film is 

2 removed using a non-selective polishing material and said second portion of said 

3 polishing film is removed by a selective polishing material. 

i 

1 14. The method of claim 10 wherein said top surface is from a film of 

2 silicon material. 

1 15. The method of claim 1 wherein said top surface is from a film of 

1 t : 

2 dielectric material. 

' i 

! 



i 
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